THIS PAPER is part II of a study on healing following simple gingivectomy in rhesus monkeys. The first paper 1 reported epithelial regeneration; this paper is concerned with the connective tissue healing and regeneration of the free gingiva. Tritiated thymidine radioautography was utilized, in addition to conventional histologic methods, in order to locate in a sequential order the areas of proliferative potential and the dynamics of connective tissue proliferation during healing of a gingivectomy wound.
corporated into cells during the S-phase of their premitotic interphase. 2 ' 3 When thymidine is tagged with tritium, the cells synthesizing DNA at the time of administration can be demonstrated in radioautographs. The incorporation of tritiated thymidine into newly forming DNA starts within one minute after the intravenous injection of the isotope and the incorporation is nearly complete within 10 minutes. 4 Because of this rapid incorporation of tritiated thymidine into cells in the premitotic phase, and since the animals were allowed to live one hour after the administration of the thymidine there is one hour time differential between the histologic and radioautographic observations in the reported material. For instance, radioautographs depicting cells synthesizing DNA one hour following gingivectomy were superimposed on histologic slides that show the histologic changes 2 hours following the surgery, since the histologic changes continued after the injected isotope already had been deposited in the cells. Sections and radioautographs from non-operated areas in the experimental monkeys were available for control.
An approximately 3 mm wide gingivectomy wound was created buccally and lingually at each of the experimental teeth, and the interproximal papillae were removed. The alveolar crest was not exposed. No postoperative surgical dressing was used since it has been found in other studies of monkeys that such dressings in many instances interfere with the process of healing and make it impossible to standardize the experimental conditions under which healing takes place.
FINDINGS
As early as 2 hours following the surgery, the wound was covered by a blood clot and there was a marked migration of polymorphonuclear cells into the clot and to the surface area of the wound. A thin layer, approximately 0.2 mm thick immediately adjacent to the surgical incision showed widely spaced, pale staining connective tissue cells. In the 5 and 9 hours specimens it could be observed that this thin layer of degenerating cells gradually became filled with polymorphonuclear cells, (Fig. 1A) , so that 13 hours after the surgery there was a band of polymorphonuclear cells covering the wound. This "polyband" included the superficially degenerated and necrotic connective tissue resulting from the surgical procedure and also part of the surface blood clot. The cementoblasts were disrupted and absent from the cementai surface for a depth of approximately 0.2 mm from the surgical wound surface (Fig. IB) . Under the surface zone of heavy polymorphonuclear infiltration, a few polymorphonuclear leukocytes could be found around small blood vessels, but except for at the wound surface there was a very little, if any, inflammatory reaction up till 13 hours after the gingivectomy. The radioautographs did not show any increase in number of labeled cells compared with the control material, and no labeled connective tissue cells were seen at the wound margin up to 12 hours after surgery.
In several sections there appeared to be a loss of the continuity of the osteoblastic layer at the outer aspect of the alveolar crest (Fig. 2) . This was first observed 13 hours following the gingivectomy and was found in sections up to 3 days after the surgery. However, other sections from the same time intervals showed almost undisturbed osteoblasts present at the crest. It is conceivable that the pressure from the surgical procedures had a transient depressive effect upon the osteoblastic activity. It may also have been that the inflammatory response from the wound had extended to the periosteum in selected areas although this assumption could not be verified on The first increase in number of labeled connective tissue cells in the wound area was noted in the 24 hour radioautographs which were superimposed on histologic sections showing healing 25 hours following surgery (Fig. 3A) . Most of the labeled cells were found about 0.3 to 0.5 mm below the polymorphonuclear band covering of the wound and clearly above the periosteum of the alveolar crest. Most of the labeled cells appeared to be angioblasts, either within the wall or in the immediate vicinity of the walls of small blood vessels (Fig. 3B) . The labeling of cells around blood vessels also extended into the superior portion of the periodontal membrane and into the approximating marrow spaces. A few spindle shaped perivascular cells and occasional small round cells resembling lymphocytes were labeled. In these short term specimens most of the labeled connective tissue cells were adjacent to inflammatory cells, (mainly polymorphonuclear cells).
Two days following the gingivectomy there was a further increase in the number walled vessels and plump widely spaced fibroblasts in a delicate connective tissue stroma (Fig. 6D) . A few labeled osteoblasts were seen at the alveolar crest. Labeling was also seen in Malassez's epithelial rests of the supracrestal connective tissue (Fig. 6E) .
At 7 days a new free gingiva had formed as a result of connective tissue proliferation. The outer gingival surface was completely epithelialized and there was beginning epithelialization of the sulcus area (Fig. 7) . The connective tissues of the newly formed marginal gingiva was highly vascular and contained many large fibroblasts and numerous lymphocytes, diffusely distributed in the crevicular part of the free gingiva. Most of the labeled cells still were endothelial cells, but a number of labeled fibroblasts were also observed. The total number of connective tissue cells synthesizing DNA decreased between the 5th and 7th day, and the connective tissue making up the newly formed free gingiva appeared more mature in the 7 than in the 5 day specimen. Several collagen bundles were present in the connective tissue above the level of the original incision in the 7 day specimen. At the alveolar crest there were several unlabeled osteoclasts and some labeled osteoblasts present.
Nine days following the gingivectomy there was more osteoclastic activity at the alveolar crest than at any other time. In addition to the unlabeled osteoclasts present there were several labeled osteoblasts present on the surface of the alveolar crest ( Fig. 8) . Although the gingival sulcus was lined in part with epithelium, there was considerable inflammation adjacent to the new gingival sulcus, and the diffuse inflammatory reaction extended to the alveolar crest. Some of the cells close to the sulcus were polymorphonuclear leukocytes, but most of the inflammatory cells were lymphocytes. The connective tissue of the newly formed marginal gingiva contained more collagen bundles than the shorter term specimens, but no collagen bundles were seen adjacent to the sulcular epithelium.
Fourteen days after the gingivectomy there were no more osteoclasts at the alveolar crest and a well defined osteoblastic layer had formed. The sulcus appeared in most sections to be lined by epithelium but a large number of lymphocytes and polymorphonuclear leukocytes were still present in occasional areas of incomplete epithelial coverage. There was an increase of collagen bundles in the free gingiva and the capillaries were small but often surrounded by lymphocytes. Within the periodontal membrane several endothelial cells were synthesizing DNA.
Twenty-one days following the gingivectomy there still was considerable diffuse inflammation corresponding to the newly epithelialized gingival sulcus (Fig. 9A ). There were a number of labeled cells adjacent to the sulcus wall and since many of them were small round cells, morphologically resembling lymphocytes, it was sometimes difficult to decide whether these cells were fibroblasts or lymphocytes. At this time there were still present a few polymorphonuclear leukocytes which were unlabeled. In the rest of the periodontium the vascularity had decreased compared to the earlier specimens, and the connective tissue was well organized in distinct collagen bundles. An occasional fibroblast and endothelial cell were labeled in the connective tissue of the marginal gingiva. The cementoblasts were still irregular and partially absent for as much as 0.5 mm apically to the bottom of the new gingival sulcus (Fig. 9B) .
In the specimens obtained 35 days following the gingivectomy, the epithelialization of the marginal gingiva and sulcus was complete and the connective tissue of the marginal gingiva was indistinguishable from the connective tissue of the untreated control areas. A few labeled endothelial cells and fibroblasts were occasionally observed in the newly formed free gingiva. At the coronal aspect the epithelial attachment (corresponding to the bottom of the open gingival sulcus) there were some inflammatory cells, mainly lymphocytes and plasma cells (Fig. 10) . These cells were unlabeled, but in this area of mild inflammatory reaction a few labeled endothelial cells and fibroblasts could be seen.
DISCUSSION AND SIGNIFICANCE
In contrast to the reported 2 days delay of inflammation following gingivectomy 5 between the regenerating epithelium and the connective tissue cannot be determined from this study.
The almost complete disappearance of polymorphonuclear cells as soon as the wound surface was protected by epithelium is in accord with current concepts of a very short life span for these cells.
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The lymphocytes, with a much longer life span, prevailed for several weeks after the healing of the wound.
Obviously, the most critical phase of healing of the gingivectomy wound is the establishment of what appears to be a bacteria proof seal between the regenerating epithelium and the calcified surface of the tooth. In this area polymorphonuclear cells were present until a normal gingival sulcus was established 35 days after the gingivectomy. It can be assumed that if oral bacteria or their toxins had access to the connective tissue, there would have been an inflammatory reaction present. Even at that time some lymphocytes and plasma cells could be observed corresponding to the coronal aspect of the new epithelial attachment.
The connective tissue proliferation in the healing gingivectomy wound started later than the epithelial proliferation and followed a pattern that previously had been reported for other types of wounds, but had not been described for gingivectomy wounds.
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The first definite increase in labeling of connective tissue cells occurred 24 hours after the surgery, within the supracrestal tissues, 0.3 to 0.5 mm from the wound surface. In this area of maximum cellular activity the average counts of labeled cells postoperatively were: 1 day-11. After 7 days there were no localized concentrations of cell proliferation. It appeared that the peak premitotic activity in the connective tissues was reached 3 days postoperatively, while for the epithelium the peak was reached 24 to 36 hours after the surgery.
Another important observation is that the connective tissue proliferation was initiated away from the very margin of the wound, but as soon as the wound was covered by epithelium, connective tissue proliferation also was assumed by cells immediately under the basement membrane of the epithelium and spread over the total supracrestal tissues. Probably the most significant observation of this investigation is that complete healing of a gingivectomy wound with restoration of periodontal health is not completed until the gingival fibers have established their functional arrangement and collagen maturity, and thereby provide the basis for establishment and maintenance of a sealing epithelial attachment and a physiologic gingival crevice.
SUMMARY
The connective tissue aspect of healing and regeneration following simple gingivectomy was studied in three monkeys with histologic and radioautographic techniques. Acute inflammation was observed 2 hours after the surgery. The connective tissue labeling started later than the epithelial labeling and reached a peak at the 3rd day. The epithelial labeling reached a peak 1 day after the surgery. The connective tissue healing started 0.3 to 0.5 mm under the wound surface, but spread to the rest of the supracrestal tissues after epithelialization of the wound. It took between 21 and 35 days for complete healing of the gingivectomy wound and restoration of functional gingival health.
